ABSTRACT
forty years ago in the award of the 1977 Nobel Prize for Physiology or Medicine. Investigation of 24! the evolution of GnRH revealed that GnRH-type signaling systems occur throughout the chordates, 25! including agnathans (e.g. lampreys) and urochordates (e.g. sea squirts). Furthermore, the discovery 26! that adipokinetic hormone (AKH) is the ligand for a GnRH-type receptor in the arthropod 27! Drosophila melanogaster provided evidence of the antiquity of GnRH-type signaling. However, the 28! occurrence of other AKH-like peptides in arthropods, which include corazonin and 29! AKH/corazonin-related peptide (ACP), has complicated efforts to reconstruct the evolutionary 30! history of this family of related neuropeptides. Genome/transcriptome sequencing has revealed that 31! both GnRH-type receptors and corazonin-type receptors occur in lophotrochozoan protostomes 32! (annelids, mollusks) and in deuterostomian invertebrates (cephalochordates, hemichordates, 33! echinoderms). Furthermore, peptides that act as ligands for GnRH-type and corazonin-type 34! receptors have been identified in mollusks. However, what has been lacking is experimental 35! evidence that distinct GnRH-type and corazonin-type peptide-receptor signalling pathways occur in 36! deuterostomes. Importantly, we recently reported the identification of two neuropeptides that act as 37! ligands for either a GnRH-type receptor or a corazonin-type receptor in an echinoderm species -the 38! common European starfish Asterias rubens. Discovery of distinct GnRH-type and corazonin-type 39! signaling pathways in this deuterostomian invertebrate has demonstrated for the first time that the 40! evolutionarily origin of these paralogous systems can be traced to the common ancestor of 41! protostomes and deuterostomes. Furthermore, lineage-specific losses of corazonin signaling (in 42! vertebrates, urochordates and nematodes) and duplication of the GnRH signaling system in 43! arthropods (giving rise to the AKH and ACP signaling systems) and quadruplication of the GnRH 44! ! 12! the other two receptors (amphioxus GnRHR3 and amphioxus GnRHR4) are orthologs of a group of 265! receptors that include arthropod corazonin receptors and mollusk/annelid receptors that are 266! described as "invertebrate GnRH receptors" (Roch et al., 2011) . In an effort to characterize the 267! ligand-binding properties of three of these receptors, Tello and Sherwood (2009) tested vertebrate 268! GnRH1 and GnRH2, an octopus GnRH-like peptide (which we now know is the ligand for a 269! corazonin-type receptor, see below) and an insect AKH as ligands (Tello and Sherwood, 2009) . 270! Amphioxus GnRHR1 and GnRHR2 were activated by the vertebrate GnRHs but not by the 271! invertebrate peptides. Amphioxus GnRHR3 was activated by all four peptides but the two 272! invertebrate peptides were more potent that the vertebrate peptides. These data provided important 273! pharmacological evidence that, consistent with phylogenetic sequence analysis, the amphioxus 274! receptors are GnRH/corazonin-type receptors. However, identification of the endogenous ligands 275! for these receptors was required for a definitive characterization of their pharmacological 276! properties. 277! Importantly, Roch et al. (2014) identified a gene in B. floridae that encodes the precursor of 278! a putative GnRH-like peptide -pQILCARAFTYTHTWamide (Roch et al., 2014b) . This peptide 279! does not act as a ligand for the amphioxus receptors GnRHR1, 2 and 4, and thus the ligands for 280! these receptors remain unknown. The amphioxus GnRH-like peptide does, however, act as a ligand 281! for amphioxus GnRHR3, although its potency was found not to be significantly higher than the 282! octopus GnRH-like peptide -pQNYHFSNGWHPGamide. Our analysis of the sequence of the B. 283! floridae GnRH-like peptide precursor has revealed the presence of a predicted signal peptide 284! cleavage site between alanine and phenylalanine residues -pQILCARAFTYTHTWamide (Tian et 285! al., 2016) . Furthermore, the presence of a single cysteine residue in this putative GnRH-like peptide 286! would imply that, if produced, this peptide would exist as a dimer. Therefore, we propose that the 287! peptide derived from the B. floridae GnRH-like peptide precursor is FTYTHTWamide, a truncated 288! form of the peptide predicted by Roch et al. (Roch et al., 2014b) . If this hypothesis is correct, it may 289! explain why the longer peptide tested by Roch et al. (pQILCARAFTYTHTWamide) had relatively 290! ! 13! low potency as a putative endogenous agonist (Roch et al., 2014b Analysis of genome/transcriptome sequence data from the sea urchin Strongylocentrotus 300! purpuratus (Phylum Echinodermata) revealed the presence of three GnRH-type receptors (Roch et 301! al., 2011; Tian et al., 2016 ) and a single corazonin-type receptor (Roch et al., 2014b; Tian et al., 302! 2016) . However, only a single GnRH-type peptide precursor was identified in S. purpuratus (Roch 303! et al., 2011; Rowe and Elphick, 2012) . More recently, analysis of transcriptome sequence data from 304! another echinoderm species, the common European starfish Asterias rubens, revealed that there are 305! in fact two precursors of GnRH-like peptides in both A. rubens and S. purpuratus (Semmens et al., 306! 2016; Tian et al., 2016) . Furthermore, analysis of A. rubens transcriptome data identified two 307! GnRH/corazonin-type receptors in this species. A comprehensive phylogenetic analysis of GnRH-308! type receptors and corazonin-type receptors from several phyla revealed that one of the starfish 309! receptors groups with GnRH/AKH/ACP receptors, including amphioxus GnRHR1, 2, and therefore 310! we named this receptor A. rubens GnRHR or ArGnRHR. The other starfish receptor groups with 311! protostomian corazonin-type receptors and amphioxus GnRHR3, 4, and therefore we named this 312! receptor A. rubens CRZR or ArCRZR (Fig. 2) (Tian et al., 2016 HNTFTMGGQNRWKAGamide is a potent agonist for ArCRZR, but has no activity as a ligand for 321! ArGnRHR; hence we named this peptide A. rubens corazonin or ArCRZ (Tian et al., 2016) .
322!
Importantly, ArCRZ is the first ligand for a corazonin-type receptor to be biochemically identified 323! in a deuterostomian invertebrate. Furthermore, our discovery of distinct GnRH-type and corazonin-324! type signaling pathways in a deuterostomian invertebrate, the starfish A. rubens, provided important 325! new evidence that these paralogous signaling systems originated by gene duplication in a common 326! ancestor of protostomes and deuterostomes. The GnRH signaling system appears to have been 327! retained in the majority of animal phyla, with a second duplication of the GnRH system giving rise 328! to the AKH/ACP systems in arthropods. In contrast, the corazonin signaling system has been lost in 329! multiple lineages, including vertebrates, urochordates, nematodes and some insects (e.g.
330!
Coleoptera) (Fig. 3) .
331!
The proposed gene duplication events in a common ancestor of protostomes and 332! deuterostomes that gave rise to the GnRH-type and corazonin-type signaling systems are reflected 333! by gene synteny in extant animals. Thus, comparison of genome sequence data from vertebrates, the 334! cephalochordate B. floridae and the mollusk Lottia gigantea reveals synteny of GnRH-type receptor 335! genes and corazonin-type receptor ("InvGnRH receptor") genes, but with loss of corazonin-type 336! receptor genes in vertebrates (Roch et al., 2014a) . As genome sequence data becomes available for 337! species from a wider range of phyla, it may be possible to gain further insights into the evolution of 338! GnRH/corazonin signaling from analysis of gene synteny.
339!
Interestingly, comparative analysis of the sequences of the starfish peptides ArGnRH and 340! ArCRZ with GnRH/AKH/ACP/corazonin-type peptides in other phyla revealed that there do not 341! appear to be any structural characteristics that uniquely distinguish GnRH/AKH/ACP-type peptides 342! ! 15! on the one hand and corazonin-type peptides on the other (Tian et al., 2016) . Likewise, analysis of 343! gene structure (i.e. positions of introns and/or intron phasing) do not reveal features that universally 344! distinguish GnRH/AKH/ACP-type precursor genes from corazonin-type precursor genes or that 345! distinguish GnRH/AKH/ACP-type receptor genes from corazonin-type receptor genes (Roch et al., 346! 2014b; Semmens et al., 2016; Tian et al., 2016) . One possible explanation for this may be that the 347! gene duplications that gave rise to the GnRH-type and corazonin-type signaling systems occurred 348! shortly before the divergence of protostomes and deuterostomes, not allowing time for significant 349! diversification. Thus, at this point of divergence the two peptide types may have been very similar 350! or even identical. If this hypothesis is correct, it may explain why there has been uncertainty in 351! assigning names to GnRH/AKH/ACP/corazonin-type peptides in invertebrates, as discussed in 352! more detail below. Furthermore, it is clear from our work on GnRH/corazonin-type receptors in 353! starfish (Tian et al., 2016) Our discovery of distinct GnRH-type and corazonin-type signaling pathways in a 361! deuterostomian invertebrate, the starfish A. rubens (Tian et al., 2016) , provides a basis for 362! establishing a standardized nomenclature for GnRH-type and corazonin-type neuropeptides in 363! protostomes and deuterostomes. We propose that neuropeptides in this family are classified as 364! either GnRH-type or corazonin-type, with a definitive identification being based only on the 365! receptor type that the peptide activates. It is clear that GnRH/corazonin-type receptors form two 366! distinct clades -a GnRH-type receptor clade and corazonin-type receptor clade -as can be seen in 367! Fig. 2 (Tian et al., 2016) and in other trees reported previously (Roch et al., 2014a; Roch et al., 368! ! 16! 2014b; Zandawala et al., 2015b; Kavanaugh and Tsai, 2016) . Therefore, the neuropeptide ligands 369! for these two receptor types should be named accordingly. We propose that, contrary to other 370! suggestions (Roch et al., 2014a; Roch et al., 2014b; Plachetzki et al., 2016) , GnRH (not AKH or 371! ACP) and corazonin (not corazonin/GnRH or InvGnRH) are the most appropriate names for 372! peptides in non-arthropod species because these were the names assigned to the first of these two 373! neuropeptide types to be discovered (Amoss et al., 1971; Schally et al., 1971; Veenstra, 1989) . 374! Thus, the ligand for a GnRH-type receptor in a nematode or a mollusk or an annelid or an 375! echinoderm or a cephalochordate (or indeed in any other bilaterian phylum, except arthropods -see 376! below) should be referred to as GnRH. The name "GnRH" does not imply anything about function 377! though, because GnRH-type peptides may not act as gonadotropin-releasing hormones in most, and 378! possibly all, invertebrates due to the lack of hypothalamic-pituitary-gonadal axis and orthologs of 379! vertebrate gonadotropins (Roch et al., 2012; Minakata and Tsutsui, 2016) . Instead the name GnRH 380! is simply used to indicate an orthologous relationship with the prototypical GnRH peptide that was 381! first discovered in mammals. An exception to use of the name GnRH for neuropeptides of this type 382! is in the arthropods. Here, duplication of an ancestral GnRH-type signaling system has given rise to 383! the paralogous AKH/RCPH-type and ACP-type signaling systems (Hauser and Grimmelikhuijzen, 384! 2014) . Therefore, we propose that the names AKH, RPCH and ACP continue to be used for 385! peptides of these types in the arthropods. However, when using the name ACP it should be 386! recognized that neuropeptides of this type are evolutionarily more closely related to AKH than to 387! corazonin. Furthermore, we recognize that the possibility remains that duplication of the GnRH 388! signaling system may not be unique, amongst the invertebrates, to arthropods. Thus, duplication of 389! the GnRH system may have also occurred in other invertebrates, in which case a suitable 390! nomenclature would need to be devised. For example, there are four distinct genes encoding 391! peptides belonging to the GnRH/corazonin superfamily in the annelid Platynereis dumerelii, the 392! receptors for which await functional characterization (Conzelmann et al., 2013a Likewise, the ligand for a corazonin-type receptor in a mollusk or an annelid or an 398! echinoderm or a cephalochordate (or indeed in any other phylum) should be referred to as 399! corazonin. As with GnRH, the name does not imply anything about function. Indeed, it is clear that 400! even in insects corazonin does much more than excite the heart (the effect that provided the basis 401! for the Spanish-inspired name) (Veenstra, 2009; Boerjan et al., 2010) . However, "corazonin" is the 402! prototype for a family of neuropeptides that occur in both protostomes and deuterostomes and 403! therefore we propose that this name should be used for all members of this neuropeptide family. 404! Accordingly, we propose that alternative names that have been used for members of this 405! neuropeptide family, such as "invertebrate GnRH" (Roch et al., 2014a) or "corazonin/GnRH" 406! (Hauser and Grimmelikhuijzen, 2014; Roch et al., 2014b; Semmens et al., 2016) , should be 407! discontinued.
408!
To illustrate application of the proposed standardized nomenclature for GnRH/corazonin-409! type neuropeptides, below we highlight selected examples from the literature where a revision in 410! the naming of neuropeptides and/or receptors is, in our opinion, necessary. Our highlighting of 411! these examples from the literature should not be interpreted as a criticism of the authors of the 412! selected papers. Making sense of the evolutionary relationships of GnRH/corazonin-type 413! neuropeptides has proven to be very difficult and it is only with the availability of data from wider 414! range of phyla that some key insights have been obtained recently -for example, the occurrence of 415! corazonin-type signaling in deuterostomes. In addition to the text below, we present in Table 1 (Siegert, 1999) . Related peptides were discovered in 423! Anopheles gambiae, Tribolium castaneum, Bombyx mori, Aedes aegypti and Culex pipiens (Table  424! 1). Based on receptor deorphanisation studies for some of these peptides, it is now evident that they 425! all belong to the family of ACP-type neuropeptides. Hence, it is proposed that they should be 426! referred to as ACP and not with the name that was first assigned to them (Table 1) . 427!
428!

Proposed nomenclature for nematode GnRH-type neuropeptides 429!
The first member of the GnRH neuropeptide family to be identified in the phylum 430! Nematoda was discovered in C. elegans (Lindemans et al., 2009 ). This peptide was referred to as 431! Ce-AKH-GnRH because it has structural features similar to arthropod AKH but acts as a ligand for 432! a GnRH-type receptor. Furthermore, the peptide has functional similarity with mammalian GnRH 433! because it regulates egg-laying behavior, a reproductive process that is comparable to the 434! gonadotropic actions of GnRH. As highlighted above, the paralogous AKH-type and ACP-type 435! signaling systems arose by duplication of a GnRH-type signaling system in the arthropod lineage 436! (Hauser and Grimmelikhuijzen, 2014) , and so it can be argued that use of the name AKH outside of 437! the arthropods is inappropriate. We propose, therefore, that Ce-AKH-GnRH is renamed C. elegans 438! GnRH or CeGnRH and likewise for orthologous peptides in other nematodes (Table 1) . 439!
440!
Proposed nomenclature for GnRH-type and corazonin-type peptides in lophotrochozoans 441!
The first lophotrochozoan GnRH/corazonin-type peptide to be identified was isolated from 442! the mollusk Octopus vulgaris and a cDNA encoding the precursor of this peptide was also 443! sequenced (Iwakoshi et al., 2002) . Because it exhibited structural similarity with vertebrate GnRH-444! type peptides and also mimicked the effect of mammalian GnRH in an assay measuring lutenizing 445! hormone release, the Octopus peptide was referred to as a GnRH-like peptide. Accordingly, when 446! ! 19! the receptor for the Octopus peptide was identified it was referred to as a GnRH receptor (Kanda et 447! al., 2006) . Likewise, when an ortholog of the Octopus receptor was functionally characterized more 448! recently in the sea hare Aplysia californica, it was also referred to as a GnRH receptor (Tsai et al., 449! 2010; Kavanaugh and Tsai, 2016) . However, phylogenetic analysis has revealed that the Octopus 450! "GnRH receptor" and orthologs of this receptor in other mollusks are more closely related to 451! arthropod corazonin receptors than to vertebrate GnRH receptors or arthropod AKH/ACP-type 452! receptors (Fig. 2) (Roch et al., 2014b) . This finding led to a partial revision of nomenclature, with 453! reference to the Octopus peptide and its orthologs as corazonin/GnRH or Crz/GnRH. Accordingly, 454! the receptors for these peptides were named CrzR/GnRHR (Hauser and Grimmelikhuijzen, 2014; 455! Roch et al., 2014b) . We propose that nomenclature revision should progress one step further by 456! abandoning reference to GnRH. Thus, the peptides formerly known as Octopus GnRH or Aplysia 457! GnRH should be referred to as Octopus corazonin and Aplysia corazonin, with their cognate 458! receptors referred to as corazonin receptors (Table 1) .
459!
Subsequent to the discovery of Aplysia "GnRH" (i.e. Aplysia corazonin in the proposed new 460! nomenclature), a second GnRH/AKH-like peptide was identified in Aplysia (Johnson et al., 2014) 461! and named Aplysia adipokinetic hormone or Aplysia AKH. Receptors for an ortholog of this peptide 462! have been functionally characterised in the bivalve mollusk Crassostrea gigas and named C. gigas 463! AKH receptors (Dubos et al., 2016; Li et al., 2016) . As highlighted above with respect to 464! nematodes, we propose that the name AKH should be restricted to insects/arthropods and therefore 465! molluscan "AKH" peptides and "AKH receptors" should instead be named GnRH and GnRH 466! receptors. In accordance with this proposal, a phylogenetic analysis reported by Li et al. (2016) 
467!
shows that the newly named C. gigas GnRH receptors belong to a clade of receptors that includes 468! closely related receptors from other lophotrochozoans, arthropod AKH/ACP-type receptors and 469! deuterostomian GnRH-type receptors (Li et al., 2016) . figure 3 we show the sequence of events that we propose gave rise to 474! GnRH/AKH/ACP/CRZ signaling systems that occur in extant animals, with supporting evidence 475! from receptor deorphanisation experiments. Thus, duplication of an ancestral GnRH/corazonin-type 476! signaling system occurred in a common ancestor of protostomes and deuterostomes, which 477! ultimately gave rise to the paralogous GnRH-type and corazonin-type signaling systems. Then a 478! second duplication of the GnRH signaling system gave rise to the AKH-type and ACP-type 479! signaling systems found in arthropods. If this hypothesis is correct, then what remains to be 480! discovered? In figure 3 we incorporate information from a total of just seven phyla -Chordata, 481! Hemichordata, Echinodermata, Annelida, Mollusca, Nematoda and Arthropoda. However, at least 482! thirty-three extant phyla are recognized (Holland, 2011) ; the majority of these are protostomes and 483! include ecdysozoan phyla such as Tardigrada and Priapulida and lophotrochozoan phyla such as 484! Brachiopoda and Platyhelminthes. Based on analysis of genome/transcriptome sequence data, 485! GnRH/corazonin-type peptides have recently been identified in tardigrade, priapulid and 486! brachiopod species, but not in Platyhelminthes (Hauser and Grimmelikhuijzen, 2014; Li et al., 487! 2016) . Now it will be interesting to identify the receptors for these peptides and to investigate the 488! physiological roles of GnRH/corazonin-type signaling in these phyla. Another phylum that is of 489! particular interest is the phylum Xenoacoelomorpha, which includes acoels, nemertodermatids and 490! the mysterious Xenoturbella (Cannon et al., 2016) . The phylogenetic position of this phylum in the 491! animal kingdom is controversial, with some authors proposing a deuterostomian affinity (Philippe 492! et al., 2011) and others proposing that this bilaterian phylum is a sister group to the protostome plus 493! deuterostome assemblage (nephrozoa) (Cannon et al., 2016) . Either way, analysis of this phylum 494! may provide interesting new insights into the evolution of GnRH/corazonin-type signaling.
495!
Reconstructing the molecular evolution of neuropeptide signaling systems is important 496! because it provides a framework for the more challenging and arguably even more interesting 497! objective of reconstructing the evolution of neuropeptide function. With respect to 498! ! 21! GnRH/corazonin-type signaling, our knowledge of neuropeptide function is currently skewed 499! towards studies on vertebrates and insects. Nonetheless, now in the post-genomic era it is noticeable 500! that insights into the physiological roles of GnRH/corazonin-type signaling in other animal types 501! are emerging -for example, the physiological roles of a GnRH signaling system as a regulator of 502! egg-laying behavior in the nematode C. elegans have been revealed (Lindemans et al., 2009) . 503! Furthermore, unlike the AKH signaling system in insects, the GnRH signaling in C. elegans does 504! not appear to play any role in the regulation of lipid levels (Lindemans et al., 2009) . It remains to be 505! seen if carbohydrates and proline levels are affected by C. elegans GnRH as is the case with some 506! insect AKHs (Yeoh et al., 2017) (http://www.neurostresspep.eu/diner/insectneuropeptides). Beyond 507! insects, very little is known about the physiological roles of the corazonin-type signaling system, 508! which in part reflects the loss of this signaling system in several major animal groups that include 509! vertebrates, urochordates and nematodes. However, insights into corazonin-type neuropeptide 510! function in non-insects can be found if the literature is scanned through the lens of the revised 511! neuropeptide nomenclature proposed here (see above and Table 1 ). Thus, the neuropeptide 512! designated originally as "GnRH" in the mollusk Aplysia californica is in fact the ligand for a 513! corazonin-type receptor ) and hence we have proposed that it should be 514! named Aplysia californica corazonin (or AcCRZ). The physiological roles of this peptide have been 515! investigated in detail, revealing that it has no effect on ovotestis mass, reproductive tract mass, egg-516! laying, and penile eversion. It also has no effect on oocyte growth and egg-laying hormone 517! accumulation and secretion. However, the peptide triggers parapodial opening, inhibition of 518! feeding, and promotion of substrate attachment (Tsai et al., 2010) . Consistent with these wide-519! ranging actions, analysis of the expression of the peptide revealed a widespread pattern of 520! expression in the central nervous system, but most notably in the pedal, cerebral and abdominal 521! ganglia (Jung et al., 2014) . Similarly, the Octopus vulgaris corazonin (originally referred to as Oct-522! GnRH) is also widely distributed in the nervous system and regulates multiple functions including 523! the stimulation of heart, oviduct and radula retractor muscle contractility (Iwakoshi et al., 2002 ; 524! ! 22! Iwakoshi-Ukena et al., 2004; Kanda et al., 2006; Minakata and Tsutsui, 2016) . Furthermore, its 525! receptor (originally referred to as Oct-GnRHR) is expressed in several peripheral tissues and 526! regions of the nervous system that are associated with autonomic functions, feeding, memory and 527! movement (Kanda et al., 2006) . The physiological roles of corazonin-type peptides in mollusks can 528! be compared with what is known about corazonin function in insects, where roles in heart and 529! reproductive tissue contractility, and feeding have been discovered (Veenstra, 1989; Tayler et al., 530! 2012; Patel et al., 2014; Kubrak et al., 2016) .
531!
The effects of a GnRH-type peptide (referred to as Aplysia AKH) have also been 532! investigated in Aplysia californica. Transcripts encoding the peptide were found to be expressed in 533! abdominal, cerebral, and pleural ganglia, but peptide-containing processes were observed in all 534! ganglia, indicating a widespread role as a neuromodulator. Accordingly, injection of the peptide 535! inhibited feeding, reduced body mass, increased excretion of feaces, and reduced gonadal mass and 536! oocyte diameter (Johnson et al., 2014) . Comparison of the actions of GnRH-type and corazonin-537! type neuropeptides in mollusks indicates that they have overlapping functions as well as some 538! functions specific to each signaling system (see above and (Tsai et al., 2010) ). When a similar 539! comparison is performed in arthropods, it appears that the degree of functional overlap between the 540! two signaling systems varies from one lineage to another. Hence in the crayfish Procambarus 541! clarkii, both RPCH and corazonin regulate pigment migration (Porras et al., 2001; Porras et al., 542! 2003) and in Drosophila both AKH and corazonin influence metabolic stresses (Bharucha et al., 543! 2008; Zhao et al., 2010; Galikova et al., 2015; Kubrak et al., 2016) . Furthermore, in the stick insect 544! Baculum extradentatum AKH regulates heart contractility (Malik et al., 2012) . However, in 545! Rhodnius prolixus, only corazonin has cardiacceleratory effects and only AKH regulates lipid levels 546! (Patel et al., 2014) . And so we can see here from studies on mollusks and arthropods how the 547! paralogous GnRH-type and corazonin-type signaling systems may have retained some ancestral 548! functions (such as the modulation of stress and metabolism) from a common ancestral molecule, 549! whilst also acquiring some distinct physiological roles. It remains to be determined, however, 550! ! 23! whether or not additional comparisons of neuropeptide function in different phyla will reveal 551! evidence of physiological roles that are specific for GnRH-type peptides on the one hand and 552! corazonin-type peptides on the other. To address this issue, what is needed now are more 553! experimental studies that compare the functions of GnRH-type and corazonin-type signaling in 554! other animal phyla where both of these systems have been retained. With our recent discovery of 555! distinct GnRH-type and corazonin-type signaling systems in an echinoderm, the starfish A. rubens 556! (Tian et al., 2016) , there is an opportunity to do this. 557!
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